. In a telling experiment, they bred Introduction second generation vitamin D-deficient rats and then placed the weanling vitamin D-deficient rats on a diet Parathyroid hormone (PTH ) gene expression is reguwith no vitamin D, a low calcium and a low phosphate. lated transcriptionally by 1,25(OH ) 2 D 3 , which is able After one night of this diet, the serum phosphate had to decrease PTH transcription dramatically [1], and markedly decreased with no changes in serum calcium post-transcriptionally by calcium and phosphate [2,3].
Introduction
second generation vitamin D-deficient rats and then placed the weanling vitamin D-deficient rats on a diet Parathyroid hormone (PTH ) gene expression is reguwith no vitamin D, a low calcium and a low phosphate. lated transcriptionally by 1,25(OH ) 2 D 3 , which is able After one night of this diet, the serum phosphate had to decrease PTH transcription dramatically [1] , and markedly decreased with no changes in serum calcium post-transcriptionally by calcium and phosphate [2, 3] . or 1,25(OH ) 2 D 3 . These rats with isolated hypophosThe major effect of calcium is exerted by hypocalcaephataemia had marked decreases in PTH mRNA levels mia which regulates the parathyroid cell at a number and serum PTH. of levels and after different time periods of stimulation. Hypocalcaemia increases PTH secretion in the short term, PTH mRNA levels in hours and days, and Phosphate directly regulates PTH secretion parathyroid cell number after a more prolonged stimu-in vitro lus [3] [4] [5] . The work of Brown et al. has demonstrated elegantly that the parathyroid cell recognizes changes To establish that the effect of serum phosphate on the in extracellular calcium by means of a membrane-parathyroid was indeed a direct effect, in vitro conbound seven transmembrane (7TM ) calcium-sensing firmation was needed and this was provided by three receptor, leading to activation of inositol triphosphate groups. Rodriguez in Cordoba was the first to show and mobilization of intracellular stores of calcium that for the in vitro effect of increasing phosphate [6, 7] . How calcium then regulates changes in PTH concentrations to increase PTH secretion it was impersecretion and synthesis has been an enigma.
ative to maintain tissue architecture [10] . There was an effect in whole glands or tissue slices but not in isolated cells. This effect was soon confirmed by the Phosphate regulates the parathyroid independently pioneer and stalwart of research of phosphate on the of calcium and 1,25(OH ) 2 D 3
parathyroid, Slatopolsky and his colleagues in St. Louis [11] . Olgaard's laboratory in Copenhagen proWe have studied the mechanism of calcium's effect on vided elegant further evidence of the importance of PTH gene expression and have shown that in vivo it is cell-cell communication in mediating the effect of post-transcriptional, and we have made observations phosphate on PTH secretion [12] . In the short period on the mechanism of this effect. Phosphate also since these studies, there have been a number of studies regulates the parathyroid. The contribution of hyper-with parathyroid tissue of different sources and all phosphataemia to the pathogenesis of the secondary showing the same result; phosphate regulates the parahyperparathyroidism of chronic renal failure has been thyroid directly [13] . In addition, phosphate also leads documented for many years [8] , but it was never to marked changes in parathyroid cell proliferation, possible to separate the effect of hyperphosphataemia with hyperphosphataemia increasing and hypophosfrom the secondary decreases in serum calcium and phataemia decreasing the proliferation [5, 14] . 1,25(OH ) 2 D 3
[9]. This was established unequivocally How does the parathyroid detect the changes in first by the work of Kilav et al. in Jerusalem who extracellular phosphate? Miyamoto et al. asked that succeeded in demonstrating that the effect of serum question in a recent editorial in this journal [15] , which phosphate on PTH gene expression and serum PTH was prompted by the recent discovery from their work levels was independent of any changes in serum calcium in Takeda's laboratory in Tokushima that there is a
Protein-RNA binding to the PTH mRNA 3∞-untranslated region and its regulation by calcium and phosphate
The clearest rat in vivo models for an effect of calcium and phosphate on PTH gene expression are hypocalcaemia with a large increase in PTH mRNA levels and hypophosphataemia with a large decrease in PTH mRNA levels. The first question that Tally NavehMany and the students in our laboratory tackled was whether these effects were transcriptional or posttranscriptional. In both instances, they were posttranscriptional, as shown by nuclear transcript run-on experiments. This provided the groundwork for studies to be made on the mechanism of the effect, because post-transcriptional effects often involve protein-RNA interactions. Parathyroid cytosolic proteins were found to bind in vitro transcribed PTH mRNA with three bands at~50, 60 and 110 kDa. What was particularly interesting was that this binding was increased with PTH mRNA levels are increased, and decreased with represents the mean±SE of 3-4 different experiments, apart fromparathyroid proteins from hypophosphataemic rats, Ca at 240 and 300 min which is the mean of two experiments. At where PTH mRNA levels are decreased. There was some points, the SE is less than the size of the graphic symbols. The protein binding to PTH mRNA with proteins from PTH transcript was degraded very rapidly by proteins from -P rats, and remained intact for a longer time period with proteins many tissues, but only with parathyroid proteins was from -Ca rats. (B) Mapping a region in the PTH 3∞-UTR that this binding regulated by calcium and phosphate.
mediates degradation by proteins from -P rats. PTH mRNA probes Intriguingly, the binding was dependent upon the used were: intact PTH mRNA (probe A), without the 3∞-UTR terminal 60 nucleotides of the PTH transcript being (probe C ) and without the 3∞-terminal 60 nucleotides of the 3∞-UTR (probe B). (Reproduced with permission from The American Society present.
for Biochemistry and Molecular Biology [3] ).
PTH mRNA is degraded in vitro by parathyroid cytosolic proteins and this is regulated by calcium other tissues in these rats were not regulated by calcium or phosphate. Therefore, calcium and phosphate exert and phosphate their effect on the parathyroid cell to change the properties of cytosolic proteins which bind specifically There is no authentic parathyroid cell line to demonto the PTH mRNA 3∞-UTR and determine its stability. strate the effect of this protein-RNA interaction on What are these proteins? the half-life of PTH mRNA. However, what NavehMany and colleagues did was to utilize an in vitro degradation assay to study the effects of hypocalcaemic
Identification of parathyroid cytosolic protein(s)
and hypophosphataemic parathyroid proteins on PTH binding the PTH mRNA 3∞-UTR mRNA stability [3] . In this assay, parathyroid cytosolic proteins of control rats led to the degradation of a radiolabelled PTH transcript at~40-60 min. Sela-Brown in our laboratory has now utilized affinity chromatography to isolate these RNA-binding proHypocalcaemic parathyroid proteins degraded the transcript only at 180 min, whilst hypophosphataemic teins. She recently has identified one of the PTH mRNA-binding proteins (50 kDa protein on an SDSparathyroid proteins degraded the transcript already at 5 min. Thus, the in vivo phenomenon is reproduced PAGE gel ) and demonstrated its functionality [17] .
The protein regulates PTH mRNA stability in in vitro by the cytosolic proteins in an in vitro assay. Moreover, the rapid degradation of PTH mRNA by hypophos-degradation assays, and the amount of the protein in the parathyroid correlates with PTH mRNA levels. phataemic proteins was totally dependent upon an intact 3∞-untranslated region ( UTR) and in particular This preliminary observation should now be supplemented by the identification of the other protein(s) (60 the terminal 60 nucleotides ( Figure 1 ). Proteins from 3 . Moallem E, Silver J, Kilav R, Naveh-Many T. RNA protein and 110 kDa) which form the protein complex on the binding and post-transcriptional regulation of PTH gene expres-PTH mRNA 3∞-UTR. It might then be possible to . This reducacute renal failure (ARF ). There is strong evidence tion in RBF seems to be due to a predominant afferent that the septic state is due to a combination of direct arteriolar vasoconstriction [22, 26 ] that impairs renal and indirect effects of endotoxin. Impaired renal funcautoregulation, with subsequent reduction in renal tion due to endotoxin has been widely reported in perfusion pressure and GFR. humans [1, 2] together with experimental models of It is also important to note that renal perfusion and endotoxaemia, sepsis and septic shock.
function can decline in spite of relatively normal sysEndotoxin administration is associated with an array temic haemodynamics: endotoxaemia may constrict of local and systemic responses with production of renal arterioles, thereby leading to a greater reduction different biologically active mediators, many of which in renal blood flow, and thereby in GFR, than in are responsible for the impairment of renal blood flow blood pressure [10,15,21,27]. (RBF ), glomerular filtration rate (GFR) and tubular In summary, endotoxaemia with normal or dysfunction seen in patients with sepsis. In this review, decreased global renal perfusion with or without conby discussing these different responses and mediators, comitantly maintained blood pressure can lead to a we shall try to understand the effects of endotoxin on decrease in GFR. renal function.
Glomerular filtration

Endotoxin and renal function
Even with decreased RBF, the depression of GFR is greater than any depression of RBF, leading to a Renal blood flow reduction in filtration fraction [15, 21] . The effects of The altered renal function in endotoxaemia has been endotoxin on GFR are probably mediated by attributed predominantly to renal hypoperfusion. extrarenal factors, as infusion of endotoxin into the However, in experimental models of endotoxaemia, as isolated perfused kidney fails to reduce the GFR [28] . well as in septic patients, a wide range of values for A reduction in filtration fraction is best explained by RBF has been reported (see Table 1 ) [3] . Differences a reduction in the ultrafiltration coefficient (K f ) and/or in models and techniques, nature and amount of a disproportionate decrease in transcapillary hydraulic endotoxin administered, the severity of shock (hypo-pressure (P gc ), in relation to blood flow. The reduction vs hyperdynamic), the compensatory reactions evoked in P gc is related to an increase in the ratio of afferent and the extent of concomitant fluid resuscitation may to efferent arteriolar resistance. all contribute to discrepancies in RBF between studies [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Tubular function The increase in RBF and a decrease in renal vascular resistance may be seen in early stages of sepsis [6 ] and In sepsis, sodium reabsorption is affected in a biphasic may reflect the systemic decrease in peripheral vascular manner. Sepsis is among the conditions associated with resistance or may be primarily intrarenal, an early a low fractional excretion of sodium ( FeNa) during response to renal vasoconstrictors. This renal vaso-ARF. In animal models of endotoxaemia, early retendilation may be mediated by prostaglandins, PGE2 tion of sodium and a low FeNa are often reported and PGI2 [10, 15] effect of endotoxin was not observed in isolated per- fused kidney, suggesting a systemic effect rather than touch briefly on areas of relevance in the pathogenesis of renal dysfunction. a direct tubular effect of endotoxin [28] . These effects may be mediated by cytokines, hormones or autocoids. Interestingly, interleukin-1, a cytokine released during Tumour necrosis factor endotoxaemia, appears to depress sodium reabsorption Tumour necrosis factor ( TNF ) is a polypeptide, with directly [30] .
human TNF containing 157 amino acids with a mol wt of~17 000 Da. TNF has been demonstrated to play a major role in the pathogenesis of Gram-negative
Mediators in sepsis and ARF
shock, mediating a broad spectrum of host responses to endotoxaemia [32] . TNF release is caused by endoSepsis is characterized by the release of a vast array of toxin [33] , and TNF levels are elevated in patients inflammatory cytokines, arachidonate metabolites, with septic shock, compared with normal, with levels vasoactive substances, thrombogenic agents and other of TNF correlating with the severity of sepsis and biologically active mediators. A large body of experi-mortality rate [34] . In the kidney, endotoxin stimulates mental data suggests that these various mediators and release of TNF from glomerular mesangial cells [35] . neuro-endocrine mechanisms are involved in the patho-In another study, passive immunization to TNF was genesis of renal dysfunction in sepsis. These mediators markedly protective against renal cortical damage and mechanisms have important interactions. The resulting from intravenous administration of endotoxin inappropriate and uncontrolled release of these medi-to rhesus monkeys [36 ] . Also, TNF stimulates producators and their interactions may play a major role in tion of a cascade of mediators, vasoactive and inflammediating the systemic and renal haemodynamic matory, e.g. prostanoids, leukotriences, nitric oxide responses discussed earlier. Also, as mentioned earlier, (NO) and endothelin-1 ( ET-1) [38] [39] [40] [41] [42] [43] . since endotoxin has little [31] 
or no direct [28] effect
On the other hand, in a different study, intravenous on isolated perfused kidney, it may be the release of infusion of low dose TNF had no effect on systemic these biologically active mediators that causes much haemodynamics and RBF. A higher dose also failed of the renal dysfunction seen during endotoxaemia.
to reduce RBF, but did increase cardiac output and Also, it is noteworthy that in many experimental decreased systemic vascular resistance and reduced studies, in addition to the evidence for a crucial role mean arterial pressure, to some degree [37] . of these mediators in sepsis and renal dysfunction, is Thus, it seems that TNF may be an important the fact that upon antagonism of many of these mediator of endotoxin effects, with renal effects of mediators, significant improvements have been noted TNF seen in severe sepsis. in renal function. However, given this impressive spectrum of mediators of renal dysfunction, it is not Endothelin surprising that few studies have clearly implicated any one agent as being of primarily pathogenic importance Endothelin-1 ( ET-1), a 21 amino acid peptide, is an extremely potent vasoconstrictor which has been in endotoxaemic acute renal failure. The following section, with respect to some important mediators, will implicated in the reduction of GFR and RBF that characterizes septic ARF. Intravenous administration Other mediators of endotoxin to experimental animals was observed to Adenosine, PAF, NO, interleukin-1, the renin-angiogreatly increase plasma ET-1 concentration [44] . In tensin system, the kallikrein-kinin system and quite a humans, marked elevations in plasma ET-1 concentra-few other mediators and neuro-endocrine systems have tion are seen in the setting of sepsis [45] . The most been implicated in the pathogenesis of sepsis and renal convincing evidence for a role of renal ET-1 in the dysfunction associated with sepsis. These mediators pathogenesis of septic ARF is the observation, that directly or indirectly, by their effects on other mediendotoxin-induced renal hypofiltration is prevented by ators, may be responsible for the different effects of intrarenal infusion of anti-ET-1 antibodies [46 ] . In endotoxin. this study, infusion of anti-ET-1 antiserum into the left renal artery prevented systemic endotoxin-induced hypofiltration on that side, but did not affect the Non-haemodynamic responses to endotoxin reduction in GFR in the contralateral control kidney.
Endotoxin, together with the above noted mediators, is believed to activate the complement systems (again releasing vasoactive and chemotactic factors), the Thromboxane A2 coagulation and fibrinolysis cascades [58] . Moreover, Thromboxane A2 ( TxA2) is the major vasoconstrictor circulating leukocytes are activated and the function product of the cyclooxygenase pathway. It is a potent and structure of the vascular endothelium changes [58] platelet activator and promotes intravascular platelet with changes in the production of mediators such as aggregation and thrombosis. Administration of a NO, ET-1 and others mentioned above [45, 59] . There TxA2-like stable prostaglandin H2 (PGH2) analogue, is evidence that in patients with ARF and sepsis, U-44069, to the isolated perfused rat kidney results leukocyte activation is greater than in patients with in renal vasoconstriction accompanied by a severe re-ARF from other causes [60] . In the isolated rat kidney, duction in filtration fraction, suggesting a predom-perfusion with endotoxin-activated leukocytes resulted inant pre-glomerular action [47] . In addition to its in a reduction in glomerular filtration and sodium own intrinsic renal vasoconstrictor actions, TxA2 excretion [61]. appears to mediate renal vasoconstrictor responses to Under certain circumstances, endotoxin given at platelet-activating factor (PAF ), an important pro-intervals or even during continuous infusion in rodents inflammatory lipid [48] .
may induce overwhelming and widespread intravascuEndotoxin is a potent stimulator of TxA2 synthesis lar coagulation in both kidneys and extrarenal organs, in renal cortex, as well as in extrarenal tissues the so-called generalized Shwartzman reaction, during 
Conclusion
Leukotrienes
The association between sepsis, endotoxaemia and In activated leukocytes, arachidonic acid may undergo renal failure has been suspected for several decades. oxygenation to form a family of highly potent vaso-During this period, numerous direct, secondary and constrictor eicosanoids through the action of the tertiary effects of endotoxin have been identified. 5-lipoxygenase enzyme and subsequent enzymatic Endotoxin seems to release a vast array of mediators, adduction of glutathione. The resulting products (sul-stimulate several compensatory systems, e.g. the adrefidopeptide leukotrienes (LTs)) were collectively known nergic system and the renin-angiotensin system (not as the 'slow-reacting substance of anaphylaxis' and are discussed here), all of which, in more than one capacity, composed of LTC4, LTD4 and LTE4. Systemic admin-have major affects on RBF, the determinants of GFR istration of LTC4 and LTD4 in rat leads to reduction and tubular function (see Figure 1) . Also, as noted, of RBF and GFR [52, 53] . During endotoxic injury, there is increasing evidence that similar mechanisms production of these leukotrienes is enhanced [54, 55] . are involved in human septic shock. Experimental Also, in studies using a relatively non-specific LT studies are beginning to unravel the complexities of antagonist [15] , and subsequently using a specific the systems involved. It seems that the balance between antagonist of the LTD4 receptor [56,57], salutary appropriate production and overproduction of these effects on the reduction in RBF induced by systemic mediators, the balance between vasoconstriction and vasodilating systems and other important balances that administration of endotoxin, were noted. concentration in a large sample of above strictly applies only to individuals without renal 'normal', i.e. healthy, people. The 'normal range' is insufficiency. In the latter condition, the appearance of defined as mean±2 SD for values with a Gaussian osteomalacia is favoured by multiple factors other than distribution or median and 10th-90th percentile for low plasma 25(OH )D 3 , such as aluminium load, hypovalues with a non-Gaussian distribution.
calcaemia and metabolic acidosis, whereas hyperThis approach will define a lower limit, that will parathyroidism is favoured also by hypocalcaemia, vary with the vitamin D status of the reference popula-metabolic acidosis, hyperphosphataemia and low levels tion, which in turn depends on its sun exposure and of 1,25(OH ) 2 D 3 , but on the contrary is suppressed by its dietary intake of vitamin D (i.e. the amount of hyperaluminaemia. It should be pointed out, however, dairy products, eggs, fatty fishes and meat) [2] [3] [4] .
that in the studies of post-menopausal women, renal The pathophysiological approach is based on assess-function was considered normal relatively to age, i.e. ment of a presumed healthy population, in our case actually lower than in younger adults [8] . with normal renal function, to determine the threshold It is also likely that dietary intake of calcium is a value(s) below which the frequency of some pathophy-confounding factor which can influence the threshold siological findings is (are) increased, e.g. concentra-gene in cultured cells, where the efficiency ratio is 15500, suggesting that circulating 25(OH )D 3 could tion during September was relatively low, i.e. 47.5 nmol/l (range 2.5-170) and the prevalence of actually contribute to the overall vitamin D effect on intestinal calcium absorption or PTH secretion [1] . hypovitaminosis D was 42% [16 ] .
These studies document that hypovitaminosis D is Furthermore, not all effects of vitamin D metabolites are mediated via the VDR and 25(OH )D 3 may also common in the general population and even more 8. Ooms ME, Lips P, Roos JC, Wim JF, Bouter LM. Vitamin D formation rate is therefore lower (11 pmol/l )], plasma status and sex hormone binding globulin. Determinants of bone 25(OH )D 3 concentrations >120 nmol/l were required turn over and bone mineral density in elderly women. J Bone to maintain the PTH values below this optimal limit. 1995; 10: 1177-1184 In this population, 69% of the patients had plasma [5, 6 ] . Hand washing and use of gloves are the most of exposure to blood-borne viruses. Until the mid simple, but also the most important, methods-assum1970s, the most important hygienic problem in haemo-ing that they are implemented. This raises the following dialysis units was hepatitis B virus (HBV ) [1] . After question: are such measures actually adhered to in it had come under control, hepatitis C virus (HCV ) haemodialysis units? On which occasions are such became the most prevalent viral infection causing the precautionary measures necessary? Which measures well-known associated clinical sequelae [2, 3] . The are most frequently adhered to in clinical practice? nosocomial mode of transmission has apparently Which measures are most frequently neglected? become the most frequent mode of transmission on dialysis [4] , since transmission of HCV via transfusion has been practically eliminated thanks to serological Nosocomial transmission of HCV in haemodialysis monitoring of blood donors and diminution of transfu-units sion requirements after introduction of erythropoietin. infection. On the one hand, some patients with HCV had never received a blood transfusion, and this is true Activities in haemodialysis which necessitate for up to 40% of seropositive patients in some units precautions (hand washing and gloves) [7] . The prevalence of HCV-positive patients on haemodialysis is higher than for patients maintained In all activities which lead to direct contact with blood on other treatment modalities, e.g. home haemodialysis products, it is necessary to wear gloves and to wash and peritoneal dialysis [8, 9] . Sampietro et al. [10] and hands before and after said activities. Which recomother authors [11] studied HCV-positive patients dia-mendation should be made for the different dialysislysed in one haemodialysis unit and analysed the related activities? Hand washing is necessary when 5∞-region of the viral genome which is highly conserved. dialysis material is made ready for use; hand washing In this population, one type of virus which was rare is also necessary whenever the patient is connected to in the general population, was most frequent, sug-and disconnected from the machine, particularly for gesting nosocomial transmission. Isolation of HCV-dressing of the puncture site and, furthermore, whenpositive patients effectively reduced the incidence of ever the patient requires attention in the course of the HCV infection in haemodialysis units [12, 13] . This dialysis session and the blood line is manipulated. observation is compatible with the notion that the It is not necessary to wash hands before used mathaemodialysis technique itself provides a mode of viral erial is disposed of and before the room is cleaned, transmission.
Miner Res
but gloves must be worn for these activities and hands Transmission of HCV by haemodialysis is controver-must be washed after the activities are completed. sial, and the data on this point are contradictory. The dimensions of the virus particles and the dialysis memAre standard precautions adhered to in brane characteristics make this mode of transmission impossible on theoretical grounds, at least in the haemodialysis units?
absence of membrane rupture. In a study performed in our unit, we found an association between certain It is necessary to stress that it is important that the dialysis machines and infection by HCV [3] , but staff handles adequately all material which is contaminattempts to isolate HCV in the ultrafiltrate remained ated with blood of HCV-positive patients in order to unsuccessful (unpublished data) as was also found in avoid dissemination of the virus in dialysis units. It is most other studies [14, 15] . Only some authors noted obligatory to wear gloves and to wash hands before passage of viral particles into the ultrafiltrate when and after handling blood lines or potentially infectious very high transmembrane pressures were applied and material. Furthermore, it is necessary to clean bloodmicroleaks possibly occurred [16 ] . Probably the most stains carefully and not to use leftover material that important mode of transmission which, unfortunately, has been in contact with the patient. Although these is the most difficult to document and control, is rules are mandatory, unfortunately they are not always patient-patient transmission either directly or indir-adhered to. ectly by contaminated surfaces.
These proposals are apparently simple but when one monitors whether they are adhered to or not, a high degree of non-compliance by health care personnel is
